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RELATED TO THE ELIMINATION OF PHOSPHORUS AS A CONSIDERATION
FOR NPDES SUBSTANTIVE REQUIREMENTS
ON THE COLBERT LANDFILL RD/RA PROJECT

Dear Mike:

Three gopies of the draft technical memorandum concerning the elimination of
phosphorus as a consideration for NPDES substantive requirements on the Colbert Landfill
RD/RA project are attached. This memorandum is being sent draft at Spokane County’s request
as Dean Fowler is out of town and was unable to review the document prior to submittal.

Dean will review the document concurrently with Ecology and EPA. Because of the fast-
track schedule required to allow project construction this year, a concurrent review is necessary
to meet this construction objective. Although Dean’s review may result in medification to the
memorandun, it is unlikely to significantly change the technical evaluation presented.

Resolution of the phosphorus issue is required by about May 15, 1993, to meet the
present construction schedule. Please review this document as soon as possible and indicate (in
writing) by May 15, 1993, whether the phosphorus issue is adequately resolved to allow Spokane
County to proceed with completion of the final design, and begin the construction phase.

Spokane County has indicated a willingness to meet at any time during the review
process to answer questions or discuss any issues that arise. Please contact Dean Fowler or me
if you have any questions.

LANDAU ASSOCIATES, INC.

tect

Lawrence P. Beard, P.E,

By:
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Technical Memorandum

TO: Dean Fowler, P.E.
Spokane County 4
< Py \
FROM: Lawrence D. Beard, P.E. AN
Landau Associates, Inc. b ™~ “ S
RE: EVALUATION OF GROUNDWATER PHOSPHORUS CONCENT RATIONS

AND PHOSPHORUS FLUX TO THE LITTLE SPOKANE RIVER
IN THE COLBERT LANDFILL VICINITY /

DATE:  April 16, 1993 _
1.0 INTRODUCTION AN

This memorandum presents Landau Associates’ evalue"t'ii;n of groundwater phosphorus
concentrations and the flux of phosphorus to the Little Spokane River in the Colbert Landfill
vicinity. ’ ’ N

The purpose of this memorandum 1s to assess ‘whether discharge of the extracted
groundwater from the Colbert Landfill remedlal actlon pro]ect (project) will increase phosphorus
loading to the Little Spokane River. If the prO)ect does not cause a net increase in phosphorus
loading to the Little Spokane River, phosphorus céin be eliminated from consideration for the
Washington State Department/ of Ecology’s (Ecology) development of National Pollutant
Discharge Elimination System (NPDES) Substantlve requirements for project effluent discharge
to the Little Spokane River. ; g .

Two questions must be resolved to determme whether the project effluent discharge will

affect the net loading of phosphorus to, the Little Spokane River:

¢ Will the project increase the concentration of phosphorus at discharge to the
Little Spokane River7

e Wil the pro;ett mcrease the net flux of groundwater to the Little Spokane
River7 ’ LS

RN N .
.. .
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Phosphorus can be eliminated from consideration under NPDES requirements if the
answer to both questions is "na". The first question will be evaluated by assessing groundwater
quality data to determine if variations in phosphorus data can be ’atﬁ'ibuted to impact by the
Colbert Landfill and if phosphorus concentrations are signlficantly lower near the Little Spokane
River than elsewhere in the aquifer(s). The second question will be assessed by evaluating the
extent to which groundwater in the Colbert Landfill vicinity recharges thethtle Spokane River
and whether the project will increase the recharge rate.

The following sections of this memorandum pre‘sent a brief discussion of the project
background, site conditions, and NPDES consxderatlons, @ descrlptlon of groundwater sampling
and analyses performed for this evaluation; an evaluatmn of the impact of the Colbert Landfill
on groundwater phosphorus distribution; an assessment__gf th__e impact of the project on the net
flux of phosphorus to the Little Spokane River; and conclus:lons and recommendations for

addressing the NPDES phosphorus issues.

20  PROJECT BACKGROUND -

The Colbert Landfill is an mactlve, 40-acre, mumc1pal solid waste landfill located
approximately 15 miles north-northeast of Spokane, Washmgton, and 2.5 miles north of Colbert,
Washington, as shown on Figure 1. The landfill operated from 1968 until 1986, when it became
filled to capacity with mumcnpal and commercial waste.

Groundwater near the landhll i contaminated with chlorinated organic solvents. At least
part of this contamination hag been traced to. spent solvents that were disposed of at the landfill.
Solvents were reportedly dlsposed of at ai dverage rate of several hundred gallons per month
for a number of years and pnmanly consnsted of 1,1,1-trichloroethane (TCA) and methylene
chloride, Other orgamc solvents were also detected in groundwater near the landfill, includmg
chlorinated organlé solvents are referred to as the "constituents of concern”.

In August 1983 the' U. S Environmental Protection Agency (EPA) placed the landfill on
its National Pnorities List. Several studies of the landfill were conducted, including the 1987
remedial mvestngahon/{eambihty study (Golder Associates 1987a,b). The remedial investigation
determined that the two" primary aquifers in the landfill vicinity (the Upper and Lower

Sand/Gravel Aquifers) were contaminated with some or all of the constituents of concern. The
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feasibility study recommended a groundwater extraction and treatment remedy to address this
contamination.

EPA released its Colbert Landfill Record of Decision (RGB)" for public comment in
September 1987 (EPA 1987). Based on recommendations in the feas1b111ty study, the ROD
provides for a performance-based remedial action, consisting of a gmundwater extraction and
treatment system. The remedial action specified in the ROD mcludes a gmu_gdwater extraction
system, a treatment system, and a discharge system. The ROD subdivides th; extraction system

into the following three pumping systems:

¢ The South Interception System will consist off a~series of extraction wells
installed to intercept the contaminant plume m the Upper Sand/Gravel
Aquifer south of the landfill. .

¢ The West Interception System will consist 6f~-.._at_ Hser}es of extraction wells
installed to intercept the contaminant plume it the Lower Sand/Gravel
Aquifer west of the landfill. '

¢ The East Extraction System w1ll consxst of extraction wells installed near the
landfill for source control. o

After implementing the ROD, a Conse'h_t 5e__c';ee 'for the Colbert Landfill was negotiated
between the government plaintiffs (EPA and EEQ!u'gy), and the potentially responsible parties
(Spokane County and Key Tronic Corporation). lj'uting development of the Consent Decree, it
was recognized that available déte""were inadequate to design the selected remedial action;
consequently, the project is bemg 1mpIemented in phases.

Phase I activities were, completed inJuly 1991 and included several activities. Thirty
groundwater monitoring wells were constructed at 19 locations for additional hydrogeologic and
contaminant distribution characterlzatlon Four pilot extraction wells were constructed for
aquifer performance (pumping) tests and as source wells for groundwater treatability studies.
Phase I results are prov1ded in the Phase I Engineering Report (Landau Associates 1991).

Phase II d,emgn is based on the results of Phase I data and on data collected and analyzed
during subsequent hydrogeologxc characterization. Design of the Phase II remedial action is
almost complete, and -q_ﬂschér'_natlc of the Phase II extraction and treatment system is shown on

Figure 2.
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3.0 SITE CONDITIONS

The landfill is located on a plateau that is bounded on the west by a steep slope
descending toward the Little Spokane River and on the east by lb:v granite and basalt hills.
Surface drainage is to the west toward the Little Spokane aner

The geology of the landfill area consists of a series of glacnally and fluvially derived
materials deposited on an eroded landscape of clays, basaltic lava deposxts, and granitic bedrock.

The primary stratigraphic units (layers), from youngest to oldest (i.e., from the top down), are:

e Unit A  Upper Sand/Gravel Unit

¢ UnitB  Lacustrine Unit S5
® UnitC  Lower Sand/Gravel Unit v
e UnitD  Latah Formation .

e Unit D, Weathered Latah Subunit

® UnitE Basalt Unit

® UnitF Granite Unit.

A generalized east-west profile of these umts, based ‘on Phase I data, is shown on Figure 3.

The hydrogeology in the landfill v1c1mty con51sts of four aquifers (two primary and two
secondary) and three aquitards, as characterized m.___;he Phase I Engineering Report. These units
include:

® The Upper Sand/Gravel Umt (Unit A) forms the Upper Sand/Gravel Aquifer
when underlain by the Lacustrme Unit (Unit B) and is considered a primary
aquifer. L e

¢ The Lacustrine Unit (Umt B) is the low-permeability unit that separates the
Upper and Lower Sand/Gravel Units and is referred to as the Lacustrine
Aquitard. The Lacustrine Aquitard contains water-bearing sand layers and,
based on water elevation data, some of the shallow sand layers appear to be
in direct hydraulic connection with the Upper Sand/Gravel Aquifer.

. The Loivei"“é&ndiﬁxavel Unit (Umt C) forms the Lower Sand/ Gravel Aqulfer,

¢ The Latah Formatlon (Unit D) and the Weathered Latah Subunit (Unit D))
form the aqu1tard underlying the Lower Sand/Gravel Aquifer at most
locations and™(ih combination) are referred to as the Latah Aquitard.
However, some low-yielding private wells are installed in the Latah Aquitard
to the east of the landfill, where the Upper and Lower Sand/Gravel Aquifers
are not present.
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® The Basalt Unit (Unit E) forms a secondary aquifer interbedded with the
Latah Aquitard and is referred to as the Basalt Aquifer.

® The Granite Unit (Unit F) serves as the lower boundary (aquitard) to the
regional flow system, although some low- productivlty wells are installed in
the upper portion of this unit. :

e The Fluvial Unit, associated with the Little Spokane Rlver, forms the Fluvial
(secondary) Aquifer. The Fluvial Aquifer may be in direct; ‘hydraulic
connection with the Lower Sand/Gravel Aquifer, but piezometric and
contaminant migration data (as discussed in the Phase I Engineering Report)
suggest that it can be treated as an 1ndependént hydrogeologic unit for the
purposes of this project. .

Units C, D, E, and F are collectively referred to as the" "Lower Aquxfers for evaluating regional
groundwater flow and contaminant distribution, althg_ugh__ the Lower Sand/Gravel Aquifer
(Unit C) appears to be the only one of these units capanole...g;f‘sgstaining significant discharge
rates. T '

The Upper Sand/Gravel Aquifer is unconfined, with a depth to water about 90 ft below
ground surface in the landfill vicinity. The thickness of the Upper Sand/Gravel Aquifer varies
from about 8 to 20 ft along its north-south trendmg centerlme and decreases as it extends toward
the western bluff and eastern hills. Uppe_r Sqnd/ Gravel Aquifer groundwater flow is
predominantly toward the south, with velocitiéé'-.rarnging from about 5 to 7 ft per day (Landau
Associates 1991). A groundwater elevation contodi‘jmap for the Upper Sand/Gravel Aquifer is
shown on Figure 4. B

The Lower Sand/ Gravel Aquer is- generally confined west of the landfill and unconfined
from the west landfill boundary to the gast. The potentiometric surface of the Lower
Sand/Gravel Aquifer is about 180._!t bq!ow ground surface, and the saturated thickness varies
from less than 1 ft east of the landfili"to_:-over 200 ft near U.S. Highway 2. Groundwater in the
Lower Sand/Gravel Aquifer flows predominantly toward the west, at velocities ranging from
about 0.3 to 0.6 ft pér day-(Landau Associates 1991).

East of thé:Lo'n'/-or"'Sand /Gravel Aquifer, groundwater flow occurs primarily as perched
groundwater at the Lower Sand/ Gravel Unit interface with the underlying Latah Aquitard and
within the Basalt (secondary) Aqulfer A groundwater elevation contour map for the combined

Lower Aquifers is shown" o Figure 5.
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The Upper Sand/Gravel Aquifer, Fluvial Aquifer, and shallow sand interbeds of the
Lacustrine Aquitard are collectively referred to as the Upper Aquifers for assessing the
distribution of constituents of concern in groundwater. The distribution of the constituents of
concern for the Upper and Lower Aquifers is shown on Figures 6 and 7, respectively. These
figures are based on a composite of groundwater quality data collected through 1991, and
represent the areal extent over which one or more of the constituents of | concem were detected
and the area over which one or more of the constituents of concern exceed the cleanup criteria.

A more thorough discussion of hydrogeologic ar}d---}vater quality conditions is presented

in Section 4.0 of the Phase I Engineering Report. .

40  NPDES CONSIDERATIONS

In June 1992, Ecology requested that Spokane County"-ewgsluate background groundwater
quality in the landfill vicinity for Ecology’s use in developing.w’the substantive NPDES permit
requirements for project discharges to the Little Spokane River. Although Spokane County did
not (and does not) concur that additional evaluatlon was needed, they performed the additional
sampling and analyses requested by Ecolo'gy'"‘té{iﬁ‘égoid»-’}clelaying the project. Sampling was
performed in late July 1992, and results of‘:*'t\t\e .-;-;lf)ackgrOund water quality assessment are
presented in a Landau Associates September 25, 1992 technical memorandum (revised February
8, 1993). »

Ecology provided review comments on the September 25, 1992 technical memorandum
in a December 22, 1992 letter Many of the NPDES issues initially identified by Ecology were
resolved by the additional evaluatlon However the estimated Phase II effluent concentration
for total phosphorus (about 0.6 mg-/_p ‘was identified by Ecology as exceeding the state water
quality criterion for total phosphorus,."ht'ia‘éed on the phosphorus criteria established for the Long
Lake reach of the Spokane River (0.025 mg/L).

Spokane COunty does not concur that the Ecology-proposed phosphorus criterion is
applicable to pro;ect drscharges However, Ecology and Spokane County agreed that phosphorus
can be eliminated from further consideration for project discharges, provided it can be
demonstrated that pro)ec_t d1§charges will not cause a net increase in phosphorus loading to the
Little Spokane River.
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5.0 GROUNDWATER SAMPLING AND ANALYSIS

Groundwater samples were collected from 13 groundwater monitoring wells, shown on
Figure 8, to evaluate whether the phosphorus concentrations in the landflll vicinity are related
to background conditions. Nine of these wells are located in areas that represent background
conditions (CD-5, CD-32A, CD-36A, CD-38A, CD-40C2, CD—43C__2__,. CD-A_4C2_,__'CDe45C2, and CD-
48C2), and four wells are located within areas impacted by the Colbert Landfill (CD-21C1, CD-
30A, CD-46C2, CD-47C2). At locations where multiple wells exist, the well screened near the
center of the aquifer was sampled because it should best represent average aquifer conditions.

The designation of background wells is baset'i o;n results of previous water quality
monitoring. Many of the background wells are 1ocated crossgx‘adient or downgradient from the
landfill, but outside the area impacted by the landflll Thxs approach was taken because the
Upper and Lower Sand/Gravel Aquifers, the primary aqulfers of interest, are not present
upgradient of the landfill, and adequate water quality data are available to distinguish between
areas of the aquifers impacted and not impacted by the landfill.
total phosphorus (EPA Method 365.3). A.,__qu___a_l___litg assurance/quallty control review (data
validation) of the analytical data was perfo\'i"'n__}ed:";using EPA guidelines (EPA 1988a); data
qualifiers are provided following EPA Contrac’i"'-.l__,éiboratory Program (CLP) guidelines (EPA
1988a). The data validation considered the followihg elements:

¢ Holding times e

* Detection limits .~

® Surrogate recoverieé"---.._ |

e Matrix spike results

¢ Blank analysis results

e Duplica-teﬁe‘m.o.l"y'sis results

®* Data completeness
All data meet validatlon guidelmes, and no data were rejected as a result of the data validation.

Analytical results gre_.summanzed in Table 1. Table 1 also includes the total phosphorus
analytical results for sampIeS collected during the July 1992 assessment of site water quality

conditions, although samples were only collected for the nonbackground wells at that time.
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Because the total phosphorus concentration for Background Well CD-48C2 was
significantly higher than concentrations for both background and nonbackground wells, the well
was resampled March 18, 1993. Both filtered and unfiltered samplé;s.--'IWere collected to confirm
that suspended sediment was not the cause of the previously measured elevated phosphorus
concentration. The total phosphorus concentration is slightly lower for the second sampling, but
not sufficiently lower to suggest that the initial sampling result is anomalous Similarly, the
filtered sample result is slightly lower than the unfiltered sample result, but not sufficiently
lower to suggest that the high phosphorus concentratio_r\'"--x;esults from suspended sediment.

o~

6.0 EVALUATION OF GROUNDWATER PHOSPHORUS DATA

Phosphorus background conditions for groundwater were evaluated to assess whether
the landfill has impacted phosphorus concentrations. This evaluatlon includes an assessment
of whether a significant statlstlcal difference between ba'ckground and nonbackground
phosphorus data sets exists and an assessment of how well phosphorus concentrations correlate

to specific conductance (a parameter that co_-__.rre__l_a:l_es"'st-rong_ly to the presence of landfill leachate).

6.1 CORRELATION OF BACKGROUND AND NONBACKGROUND PHOSPHORUS
DATA

If the landfill has significantly impacted 'g"roundwater phosphorus concentrations, a
comparison of phosphorus data collected from background and nonbackground monitoring wells
should reveal a discernable dnfference between the data sets. The distribution of the phosphorus
data for background and nonbackground wells is shown on Figure 9. Qualitative assessment
of these data suggests that the,___. ran_ge in background and nonbackground phosphorus
concentrations is similar, indicat_in.g""'tl__l_'e" data are derived from the same population. This
qualitative assessment supports the conclusion that the Colbert Landfill has not impacted
groundwater phosphorus concentrations. However, statistical analyses are presented in the
following subsections to conflrm and better quantify this qualitative assessment.

Before statlstlcally evaluatmg the potential impact of the landfill, other sources of
potential variability xn_____the.pl)osphoms groundwater quality data were evaluated. Five wells
(CD-30A, CD-21C1, CD-46C2, CD-47C2, and CD-48C2) were sampled on more than one occasion,
and duplicate samples were collected from two of these wells (CD-46C2 and CD-47C2). The

variability in phosphorus concentration for the multiple sampling events at each of these wells
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(including duplicate analyses) is shown on Figure 10 (three data points are presented for Wells
CD-46C2 and CD-47C2, but only two data points are discernable on Figure 10 because of
identical results for each pair of duplicate sample results). A visual comparison of the data
variability at each well indicates that the intrawell variability is re{atWely small compared to the
interwell variability. Based on this graphical evaluation, the phdsphorus data are considered
sufficiently representative and reproducible for comparison of background and nonbackground
water quality data. For subsequent analyses, the phosphorus concentration is represented by
an average of the data at wells where multiple sampling-has occurred.
6.1.1 Statistical Approach e

A statistical approach appropriate for assessing a potéhtial impact from a site such as the
Colbert Landfill is discussed in EPA statistical guidance for the Comprehenswe Environmental
Response, Compensation, and Liablity Act (CERCLA; EPA 1988) and Resource Conservation and
Recovery Act (RCRA; EPA 1989) programs,. ThlS approach consists of the following steps:

¢ Establish the null hypothesis

® Analyze the data to determme the data dlstnbutlon and to choose an
appropriate statistical test R

¢ Apply the statistical test

® Reject or accept the 'n_ull-\hy'pothesls based on the outcome of the test.

The null hypothesis (Ho) is what 1s assumed to be true about the system under study
prior to data collection, untll lndlcaued otherw1se (Helsel and Hirsch 1992; EPA 1988b). The
alternate hypothesis (H,) is acceptea if the data indicate that the null hypothesis is unlikely. The
null and alternate hypotheses for evaluatmg the potential impact of the Colbert Landfill on
groundwater phosphorus concentratlons are:

Hy  The' miean phosphorus concentrations of the background and
nonbéckground wells are the same (i.e, no impact from the Colbert
L‘c\ndﬂll) '

H;: The mean phosphorus concentration of the nonbackground wells is greater
than the ingan‘concentration of background wells (i.e., the Colbert Landfill
has impacted phosphorus concentrations).
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Statistical tests are discussed in both RCRA (EPA 1989, 1992) and CERCLA (EPA 1988b)

statistical guidance. The RCRA guidance focuses on describing statistical procedures to

determine an impact from a facility. The CERCLA guidance describes Statistical procedures that
are used to determine if groundwater attains cleanup standards after remedial action (EPA
1988b). Therefore, statistical tests provided in the RCRA gurdante are more appropnate than
the CERCLA guidance for testing the null hypothesis for this project. -

The RCRA guidance recommends using a one-way analysis of variance (ANOVA) to test
the null hypothesis stated above. The use of the ANOV A-tequires that the data be lognormally
(or normally) distributed and the variances of the bac_l_cér__dﬁrrd_,gnd nonbackground data sets be

approximately equal.

6.1.2 Data Distribution

Water quality data are typically assumed to be logrrgrmally distributed (EPA 1992;
Ecology 1992). To test the assumption of lognormality, the natural logarithm (In) of phosphorus
concentrations versus the cumulative percent occurrence were plotted for background and
nonbackground data, as shown on Flgures 11 and 12, respectively. These data plot on
approximately a straight line, which mdrcates that they are approximately lognormally
distributed. Ry

The assumption of lognormality was quanlitatively verified by applying the Shapiro-
Wilkes (W) test (EPA 1992; Ecology 1992) The results of this test indicate that the data are
lognormally distributed at a conﬁdence level of 95 percent (an alpha level of .05). Results of the
W-test are provided in Table 2. " s

6.1.3 Variance of Data Sets

Equality of background and nonbackground data set variances can be estimated by
comparing box plg’té___of_ __r_iie--.(jata. If the box length (the range between the 25 percent and 75
percent quartile,s-)’:fdr one grgti'p of data is less than 3 times the box length for the other data set,
the sample varié'nces"'-cen be considered approximately equal (EPA 1992). Box plots of
background and nonbackground data sets are presented on Figure 13. The length of the boxes
are approximately equal,.."i"'rtaicating the variances of the background and nonbackground data

sets are similar enough for application of the ANOVA test.
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The qualitative assessment of variance by inspection of box plots was confirmed by
applying Bartlett’s test for homogeneity of variances (EPA 1989). The results of this test indicate
that the variances are equal, at a confidence level of 95 percent (an"'a_if)ha level of .05). Results

of Bartlett’s test are shown in Table 3.

614 ANOVA Analysis

The ANOVA test was deemed appropriate for application to the background and
nonbackground data sets because they are lognomlally chstrrbuted and have similar variances.
EPA guidance indicates that the null hypothesis (that the mean concentratlons for samples from
the background and nonbackground wells are the same) is’ acCepted if the F-statistic calculated
by the ANOVA test is less than the tabulated F-value (EPA 1989) The null hypothesis can also
be evaluated based on the attained significance level for the correlatlon of the two data sets. The
null hypothesis is accepted if the attained significance level is above the alpha level of 0.05 (EPA
1989).

The ANOVA F-statistic and attamed srgmﬁcance level results strongly support the
contention of the null hypothesis because they passed “their respective criterion by a wide
margin. The calculated F-statistic for the background and nonbackground wells is 0.031, which
is appreciably lower than the tabulated F-value of 4, 75 The attained significance level calculated
for the comparison of background and nonbackground data sets is 0.86, which is appreciably
greater than the 0.05 required to accept the null hypothesis. Consequently, the null hypothesis
is accepted, and it is concluded that ‘there is no significant difference in phosphorus
concentration between the backgrOund and- nonbackground data sets (i.e., they come from the
same population). This analysis mdlcates that there is no evidence that the landfill is impacting

groundwater quality with respect to phosphorus.

6.2 CORRELATION OF PHOSPHORUS AND SPECIFIC CONDUCTANCE DATA

A commonly observed 1mpact of a landfill leachate on groundwater is an increase in
groundwater spec1f1c conductance This effect was observed during the Phase I investigation
(Landau Associates 1991) and is being used during Phase II well construction to identify aquifer
zones impacted by landfill’ leachate (Landau Associates 1992a,b). Consequently, a significant
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correlation should exist between phosphorus concentration and specific conductance if the

landfill has impacted groundwater phosphorus concentrations.

6.2.1 TCA Versus Specific Conductance
TCA is the most widely distributed constituent of concern m the Colbert Landfill vicinity.

As a result, specific conductance should correlate to TCA if speclflc conduct;;_lnce is impacted by
the landfill. TCA concentrations generally increase with increasing specific conductance for TCA
concentrations above about 10 pg/L, as shown on Figure 14.

A regression analysis was performed to quantlfy the relationship between specific
conductance and TCA above 10 pg/L; the least-squag__es begt-f__;t hne is shown on Figure 15. The
regression analysis results in a correlation coefficient of 0. 7t§ thch indicates a strong correlation
between TCA and specific conductance; a value of 1 mdxcates a perfect correlation, a value of
0 indicates no correlation. Additionally, the regression analysxs R-squared value indicates that
over 60 percent of the variability in specific conductance can be attributed to the relationship
between specific conductance and TCA concentratlon These statistics strongly support specific

conductance as an indicator of the impact of, the landflll on groundwater.

6.2.2 Phosphorusj/,ers,us,sp,e,cific,ConductanEe___

A relationship between specific conductance and phosphorus concentration does not
appear to exist, as shown on Fiéure -.1'6 A regression analysis was performed to quantify the
relationship between specxhc conductance .and phosphorus; the least-squares best-fit line is
shown on Figure 16. The flat- (sllghtly negatwe) slope of the best-fit line indicates there is no
tendency for specific conductance’ to 1nctease with increasing phosphorus concentration. The
regression analysis indicates a cornelation coefficient of -0.025, which is indicative of no
relationship between the two variables. Additionally, the R-squared value indicates that only
0.06 percent of the I.varieti'llity in specific conductance can be attributed to the relationship
between phosphorus concentratlon and specific conductance. These statistics strongly support

the conclusion that the landflll has not impacted groundwater phosphorus concentrations.
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7.0  NET PHOSPHORUS FLUX TO THE LITTLE SPOKANE RIVER

The groundwater phosphorus flux to the Little Spokane River is dependent upon the
phosphorus concentration and volumetric flow rate of the dlscharge water. If the project does
not increase the phosphorus concentration or the volumetric ﬂow rate of the discharge water,
the net phosphorus flux to the Little Spokane River is unaffecfed by\the pro;ect Therefore, it
is necessary to demonstrate that the groundwater phosphorus concentration 1s not increased by
extracting groundwater near the Colbert Landfill (and discharging via plpeline to the Little
Spokane River) above that concentration which occurs when groundwater discharges naturally
(under nonpumping conditions), and that the extracted groundwater would have discharged to
the Little Spokane River under nonpumping condltrons .

The following subsections address these 1ssue3x The effect of the Colbert Landfill on
groundwater phosphorus concentrations is primarily addressed An Section 6, but the potential
effect of groundwater extraction and discharge versus natural ﬂow to the Little Spokane River
(independent of specific landfill impacts on groundwater) is evaluated in this section. The effect
of the project on the volumetric flow rate ix\cludes consideration of the aquifer recharge rate to
the Little Spokane River and the net impact of the extractlon system on river recharge, and is

also addressed in this section.

71 PHOSPHORUS CONCENTRATION DISCHARGING TO THE LITTLE SPOKANE
RIVER s

The flux of phosphorus to the Little Spokane River from groundwater is a function of the
groundwater flux rate and the groundwater ‘phosphorus concentration at the discharge point.
Under long-term, steady-state condlttons, the flux of phosphorus discharging to the Little
Spokane River via groundwater should_,. ‘e equivalent to the flux of phosphorus entering the
aquifer, provided the liquid/solid phase equilibrium between the groundwater and the aquifer
soil matrix remams c’onstant Therefore, a change in phosphorus flux to the Little Spokane River
should only occur 1f the rate of phosphorus recharge to the aquifer changes, the phosphorus
equilibrium withm the aqulfer varles spatially, or the rate of groundwater flux changes. As
previously dlscussed‘in Séctlon 6.0, it does not appear that the landfill is impacting groundwater
phosphorus concentratioris; therefore, an increase in phosphorus recharge to groundwater is not

anticipated, and if it occurred, would be unrelated to the project.
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Comparison of groundwater phosphorus concentrations near the Little Spokane River to
the median concentration determined from groundwater phosphorus data provides a basis for
assessing whether phosphorus equilibrium conditions are significat'rtiy different near the Little
Spokane River than for average groundwater conditions. Momtonng Well CD-40C2 is about
600 ft from the Little Spokane River and is the closest locatron to the river sampled for
phosphorus as part of this evaluation. A phosphorus concentratlon of 0. 15 mg/ L was measured
for the groundwater sample collected from Monitoring Well CD-40C2. The median phosphorus
concentration (50 percent cumulative occurrence) for the’ background wells is about 0.18 mg/L
(In -1.7), as shown on Figure 11. Therefore, the groundwater phosphorus concentration near the
Little Spokane River is approximately equal to the: medlan concentratlon for the background
wells. -

The similarity of measured phosphorus concentratlon near the Little Spokane River and
the median value suggests that groundwater phosphorus equilrbrlum near the Little Spokane
River represents typical (median) conditions. for the aquifer. Therefore, extracting groundwater
farther upgradient and discharging it vi’é p__i_pei'ine---.to___.the Little Spokane River should not
significantly affect phosphorus equilibrium condmons,provrded phosphorus equilibrium is not
affected by the landfill. S

Because the statistical analyses presented in Sectlon 6.0 support the conclusion that the
landfill has not impacted groundwater phosphorus concentrations, it is reasonable to conclude
that phosphorus equilibrium Condltlons near the landfill are similar to those near the Little
Spokane River. Therefore, 1fthegroundwater discharge rate to the Little Spokane River is not
changed by the project, the fluxof ‘phosphorus to the Little Spokane River should not be
changed. The following section ﬂedd__re's'ses the impact of the project on groundwater discharge
to the Little Spokane River.

72 AQUIFER, RﬁCﬁXRGE

Ecology evaluated the hydrology of the Little Spokane River basin as part of its water
resources management program (Ecology 1975). Information and analyses from this evaluation
indicate that the Little Spokane River is the primary receptor for groundwater and surface water
within the Little Spokane River basin and supports significant groundwater recharge to the Little

Spokane River from the landfill vicinity.
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Ecology reports that, although tributary streams suffer extreme low flows during the
summer months, the main stem of the Little Spokane River maintains a relatively high stream
flow due to groundwater recharge (Ecology 1975). Ecology also cbncludes that almost all the
summer instream flow at the Dartford gauging station (about 110 cfs) results from groundwater
recharge. v \\ .

A comparison of base flows measured during low flow months at, gauging stations
upstream and downstream of the landfill provide a basis for estimating groundwater recharge
to the Little Spokane River from the landfill vicinity. II'he summer base flow and river mile

values for the Dartford and Chattaroy gauging stations (Ecolqu 1975) are:

Gauging Station River Mife (mlles) Base Flow® (cfs)
. e _ 7\ 57\7 — — —
Dartford 108 - R 115
Chattaroy 23.05 57

(@  August value.

The Colbert Landfill is due east of river mlle 20 ’ )

The difference in base flow between the’ gaugmg stations (115 - 57 cfs) divided by the
difference in river miles (20.05 - 10.8 miles) is a reasonable estimate of the groundwater recharge
per river mile (6.3 cfs/mile). Assummg about half of the recharge originates from the east side
of the Little Spokane River, it is eshmated that groundwater from the landfill vicinity contributes
slightly more than 3 cfs (about 1, 400 gpm) of' recharge per river mile.

The primary source of groundWater flux to the Little Spokane River in the landfill vicinity
is the Lower Sand/Gravel Aquifer. Alt__}mugh the Upper Sand/Gravel Aquifer flows primarily
to the south (parallel to the Little Spokane River) in the Colbert Landfill vicinity, it also
discharges to the Litt'l'e""S'pekane River via springs along the east margin of the aquifer (Landau
Assoclates 1991) Addltlonally, the Upper Sand/Gravel Aquifer ultimately discharges (directly
or indirectly) to the thtle Spokane River between the landfill and Deadman Creek to the south
(Golder Assomates 1987b) However, because the Upper Sand/Gravel Aquifer contributes less
than 20 percent to the maxlmum estimated project discharge and does not generally exhibit

phosphorus concentrations significantly above concentrations of concern, the evaluation of
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groundwater recharge to the Little Spokane River will only address recharge from the Lower
Sand/Gravel Aquifer.

The Lower Sand/Gravel Aquifer groundwater recharge to the thtle Spokane River from
the landfill vicinity was estimated to be about 5.5 cfs for a 2.5 mlle W1dth of aquifer, based on
data collected during the Phase [ investigation (Landau Assoc1ates 1992b) ThlS is equivalent to
a recharge rate of about 2.2 cfs (about 1,000 gpm) per mile of aqulfer w1dth Although slightly
lower, this estimate is consistent with the average recharge rate of 3 cfs estlmated from the

Ecology data.

7.3  PROJECT EXTRACTION RATE

It is estimated that a combined groundwate;f "-e)g_.tré;tl_ion rate for the West and East
Interception Systems of about 750 gpm will be required tg' ac_l_:i'gve the 0.75 mile wide capture
zone needed for the Lower Sand/Gravel Aquifer (Landau As-.-s':'ociates 1992b). This estimated
groundwater extraction rate is 750 gpm lower than the maximum estimated discharge rate of
1,500 gpm to the Little Spokane River. The estlmated extraction rate of 280 gpm for the Upper
Sand/Gravel Aquifer (South) Interception Syste.g_-i Barually accounts for this difference. The
remaining 470 gpm associated with the maxin;i'x_x__h eétimated discharge rate is additional system
capacity to address uncertainties in aquifer prop:ér_gi:és and the potential need for future system
expansion. )
7.4 EFFECT OF EXTRACT ION SYSTEM ON GROUNDWATER RECHARGE

The estimated extractlon____rate _pf 750 gpm for the Lower Sand/Gravel Aquifer is equal to
an average extraction rate of 1,006 g-p;h"'pgr mile of aquifer width, for the 0.75 mile wide capture
zone. This extraction rate is equal to thie groundwater recharge rate of 1,000 gpm per mile of
aquifer width estimated from Phase I data (Landau Associates 1992b). As a result, it is
anticipated that the pro]ect groundwater extraction rate will be approximately equal to the
aquifer rechargg..wuhm the qap:_ture zone, and a significant net increase in groundwater recharge

to the Little Spoiiangh'R-iy_er Wlll not result from operation of the project.
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8.0 CONCLUSIONS AND RECOMMENDATIONS

The potential for project effluent discharge to affect the net loading of phosphorus to the
Little Spokane River was evaluated to determine whether pl\osp}r_drt;j"s can be eliminated from
consideration under NPDES substantive requirements. This was e{;alﬁated by responding to two
questions:

* Wil the project increase the concentration of phosphorus at dlscharge to the
Little Spokane River? )

® Will the project increase the net flux of groundwater to the Little Spokane
River? ;o

The answer to both of these questions is "no," baséd On the evaluation of groundwater
phosphorus concentrations and the evaluation the ﬂux of groundwater to the Little Spokane
River. Therefore, phosphorus should be eliminated from Con51derat10n under NPDES.

The similarity of background and nonbackground groundwater phosphorous data sets
and the lack of a relationship between phosphorus concentrations and specific conductance,
strongly support the conclusion that groundwater phosphorus concentrations in the Colbert
Landfill vicinity are a background condltlon unrelated to the Colbert Landfill. Also, the
groundwater phosphorus concentration near the thtle Spokane River is approximately equal to
the median groundwater concentration for pho___sphorus, which suggests that a significant
reduction in phosphorus concentration is not occurring in the aquifer between the landfill and
the Little Spokane River. ,. .

The groundwater dlscharge rate to the Little Spokane River should not increase due to
the project. Data analyses 1nd1cate that the’ average recharge rate to the Little Spokane River
from groundwater is approxlmately eq_ual to the anticipated project extraction rate from the
portion of Lower Sand/Gravel Aquiter--.within the project capture zone.

The assessment contained in this memorandum demonstrates that observed phosphorus
concentration for groundwater in the Colbert Landfill vicinity is a background condition
unrelated to landflll actwrtres and that the net flux of phosphorus to the Little Spokane River
should be unaffected by project operation. As with any evaluation of this nature, uncertainties
exist. Verification of- the conclusmns reached in this assessment can only be achieved by

monitoring the operatron “of the project and evaluating resulting data. Consequently, it is
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recommended that the project be constructed and its effect on phosphorus concentrations in the

Spokane River be evaluated during steady-state operation.
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TABLE 1

SUMMARY OF PHOSPHORUS, pH, AND CONDUCTIVITY ANALYTICAL RESULTS

Phosphorus

Sample Date Background  Concentration (a)
Sample Location Number ~ Sampled Waell (mg/L)
Upper Aquifer
CD32B1 523 03/01/93 yos 0.07
CD36A 520 02/26/93 yas 0.04
CD38A 525 03/03/93 yes 0.47
CD30A 498 07/22/92 no 0.02
CD30A 512 02/24/93 no 0.01
Lower Aquifer
CD-5 524 03/03/93 yes 1.8
CD40C2 516 02/25/93 yos 0.15
CD43C2 522 03/01/93 yes 0.03
CD44C2 517 02/25/93 yes 0.12
CD45C2 519 02/26/93 yes 0.03
CcD48C2 521 03/02/93 yes 8.2
CcD48C2 529U 03/18/93 yes 5.8
CD48cC2 (filtarad) 529F 03/18/93 yes 44
CcD21CH 494 07/21/92 no 0.24
CcD21CH 513 02/23/93 no 0.22
CD46C2 514 02/24/93 no 0.47
CD46C2 496 07/22/92 no 0.50
CD46C2 (dup) 497 07/22/92 no 0.50
CDh47C2 495 07/21/192 no 1.6
CD47C2 515 02/26/93 no 1.5
CD47C2 (dup) 518 02/26/93 no 15

(a) Resuits are for total phosphorus, except where indicated otherwise.
(b) N/A = not applicable.
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TABLE 2
RESULTS OF THE SHAPIRO - WILKES TEST
FOR NORMALITY OF LOG TRANSFORMED DK;’;TA“’

Confidence Calculated Tabulated

Data Sgt 7 Level W-Sjatistic W Statlstic Conclusion
Background 95 percent 0.886 0.829 Data ’Log Normally
' Distributed
Nonbackground 95 percent 0.939 /0748 Data Log Normally
Distributed

(@) Results calculated using Lotus 1-2-3 spreadsheets for use w1th Statistical Guidance for
Ecology Site Managers (Blakely 1992). Wk

|
|
|
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TABLE 3
RESULTS OF BARTLETT'S TEST FOR HOMOGENEITY OF VARIANCES
BETWEEN BACKGROUND AND DOWNGRADIEN’F-"D_;ATA SETS®

Confidence Calculated Attained Sigr}i’fi(;éhqg"""*-
Level B Statistic Level Tl Conclusion
95 percent 1.00 0.935 Vafiances are equal

(@) Calculated using the STSC statistical computer package(STSC 1992).
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TABLE 4

RESULTS OF ONE-WAY ANALYSIS OF VARIANCE

Confidence  Calculated Tabulated® Calculated / 4 Conclusion

Level F-Statistic® F-Value ngmﬂcance Level T

95 percent 0.031 4B 0.86 ~  “Accept the null
“hypothesis

(a) Calculated using the STSC statistical computer package (STSC 1992).

(b) Based on p-1 (1), N-p (11) degrees of freedom and an alpha level of 0.05 where:
p = number of treatment groups (2) y
N = total number of data points (13)
alpha level = 1-confidence level (0.95).
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